Introduction
Today, electronic devices contain multiple RF front-end chips for various kinds of wireless communications. With the CMOS technology scaling, size miniaturization, high cut-off frequency and lower power consumption are among the advantages obtained. However, passive devices such as inductors and capacitors consume large chip area despite of the developing scaling technology [1] . Proposed inverter-based wideband LNA fabricated in 40nm CMOS process achieved 17dB of gain with 8GHz bandwidth and 14.3mW of power consumption proved to be scalable and have better results compared with previous works [2] [3].
Scalable Wideband LNA
Proposed LNA schematic is shown in Figure 1 . To realize the circuit without inductors and capacitors, CMOS inverter was used as main amplifier. This circuit has the following features: i. As the inverter gain is determined by the inverter transconductance multiplied by the output resistance, to achieve the desired gain, Cherry-Hooper topology that consists of cascaded stage of transconductance gain and transimpedance gain has been employed. By changing the transimpedance value, Rf, desired gain can be achieved. Furthermore, wideband characteristics can be obtained because Miller effect that usually limits bandwidth is reduced. Moreover, as CMOS gate width is scaled down, parasitic capacitances such as C gs and C gd are reduced and this further enables improvement in the bandwidth increase.
ii. To get the wideband input matching, active feedback using the inverter has been employed. With feedback inverter, the feedback is negative at low frequency, and as the frequency increases, the feedback changes to positive slightly iii. Finally, in the end of proposed design, an additional low-resistance feedback amplifier is added to provide high load impedance to the voltage amplifier and for better 50Ω output matching.
Fabrication Results
The LNA was fabricated in 40nm CMOS process and the chip micrograph is shown in Figure 2 . Without the output buffer, our LNA only occupies 0.001mm 2 of area with power consumption 14.3mW from 1.3V of V dd .
Simulation and measured results for S-parameters and noise figure are shown in Figure 3 and Figure 4 . Based on the S21 characteristics, LNA gain was about 17.5dB with frequency range from 1GHz to 17GHz during simulation with back-annotation, but the bandwidth decreased to 8GHz when fabricated chip was measured. The simulation result for noise figure was about 2.5dB and the noise figure was worsened during measurement up to 5~10dB. Unfortunately, the fabricated LNA performance dropped significantly compared to simulation results that showed that it could achieve wider bandwidth and lower noise figure.
However, since the study did not use any passive devices and focused mainly on circuit scalability, overall performance for the circuit needs to be analyzed. In order to study the circuit scalability, the same circuit topology was also fabricated previously in 180nm, 90nm, and 65nm CMOS process [2] [3] . Scalability trend of size, power consumption, maximum bandwidth, and minimum noise figure for each process of LNA is shown in Figure 5 . 
G -7 -3
As for Figure of Merit (FoM), the expression [4] as below is used to compare the overall performance for each fabrication. . As shown in Figure 6 , calculated FoM from simulation results without back-annotation is parallel in between the k 2 and k trends, while measured FoM is mostly parallel with k trend, except for there was a drop in 65nm performance.
Conclusions
In this work, we proposed inverter-based wideband LNA without using any passive device and proposed circuit is proven to be scalable in size, some improvement in bandwidth and lower power consumption. However, FoM for each process is not as good as expected. From the results, noise figure, and bandwidth improvement of the LNA were not scaled accordingly to the rule. This is most probably due to existence of parasitic resistance and capacitance on the layout. Therefore, for future work, we need to investigate how the scaling rule actually affects circuit performance 
